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Acute and chronic changes in renal function following
unilateral nephrectomy
DAVID G. SHIRLEY and STEPHEN J. WALTER
Department of Physiology, Charing Cross & Westminster Medical School, London, England, United Kingdom
Acute and chronic changes in renal function following unilateral
nephrectomy. Free-flow micropuncture was used to assess proximal and
distal tubular function in rats immediately (2 to 5 hours), five days and
30 days after uninephrectomy (UN); results were compared with those
in sham-operated littermates. Excretion rates of water, sodium and
potassium were approximately doubled in the remaining kidney of UN
rats. Two to five hours after UN there were small increases in
glomerular filtration rate (GFR) and single nephron GFR which at this
stage were not accompanied by an increase in absolute proximal
reabsorption; that is, fractional proximal reabsorption fell. After five
days, GFR and single nephron GFR had increased further; at this stage
absolute proximal reabsorption was also significantly elevated. After 30
days, kidney weight, GFR, single nephron GFR and absolute proximal
reabsorption had all increased by approximately 40%, and glomerulo-
tubular balance in the proximal tubule had been fully restored. Data
derived from distal tubular collections indicated that at every stage after
UN: (a) fluid delivery to both early and late distal puncture sites was
increased; (b) in contrast, there was no increase in sodium delivery to
the late distal tubule, suggesting that the natriuresis resulted from
reduced sodium reabsorption beyond the distal tubule and/or increased
delivery of sodium from deep nephrons; and (c) there was a marked
increase in potassium secretion into the accessible portion of the distal
tubule which was more than adequate to explain the observed kaliure-
sis.
The compensatory changes in renal function which follow
partial loss of renal mass have not been fully characterized. In
particular, the role of the distal nephron has received little
attention, and the time course of the compensatory changes
remains undocumented. The underlying renal mechanisms dur-
ing the early stages of the response to loss of the partner kidney
almost certainly differ from those during the more chronic
phase [1, 2]. There is an early increase in excretion rates (within
minutes or hours of uninephrectomy) which is thought to be
largely a consequence of reduced fractional reabsorption in the
proximal tubule [3—SI; whether in addition there is some eleva-
tion of glomerular filtration rate (GFR) is a matter of dispute
[3—6]. Virtually no information on the function of the distal
nephron during this very early period is available, although
enhanced sodium reabsorption and potassium secretion in the
distal tubule has been reported 15 hours after uninephrectomy
in the rat [7]. Investigations of the more long-term effects of
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uninephrectomy have shown that GFR is increased substan-
tially [1, 2]. However, information on tubular function during
the chronic phase is fragmentary: two to four weeks after
uninephrectomy in the rat, fractional fluid reabsorption has
been reported to be similar to that in control animals in both
proximal and distal tubules [8], but to our knowledge no
free-flow nlicropuncture study of the tubular handling of indi-
vidual electrolytes has been performed.
The purpose of the present study, therefore, was to charac-
terize further the short- and long-term renal functional re-
sponses to nephron loss. Free-flow micropuncture was used to
assess both proximal and distal tubular function in rats imme-
diately (2 to 5 hours), five days and 30 days after uninephrec-
tomy. Some of the findings have appeared in preliminary
abstracts [9, 10].
Methods
Animals
All experiments were performed on adult male Long-Evans
rats allowed free access to water and standard rat diet contain-
ing 100 mmol of sodium and 180 mmol of potassium per kg dry
weight; its protein content was 17%. The animals were divided
into six groups (N 8 in each group); three groups were
unilaterally nephrectomized and three groups of littermates
acted as sham operated controls.
Unilateral nephrectomy
For studies of the acute response to uninephrectomy, the
right renal pedicle was ligated and the kidney removed during
the final hour of preparation for micropuncture (see below). In
sham operated rats the right kidney was briefly exposed and its
perirenal fat gently manipulated. For studies of the more long
term responses to uninephrectomy, the operations were per-
formed five days or 30 days before micropuncture: under
Halothane anesthesia the right kidney was exposed via a small
dorso-lateral incision, the renal pedicle ligated and the kidney
removed. The body wall was sutured, the skin clipped, and the
animal allowed to regain consciousness. Again, sham opera-
tions consisted of exposure of the right kidney and gentle
manipulation of the perirenal fat. The mean body weight of each
group of rats on the day of uninephrectomy or sham operation
was in the range 240 to 260 g.
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Micropuncture procedures
Rats were anesthetized with mactin (120 mg/kg body wt,
intrapentoneally; Byk Gulden, Konstanz, Germany) and pre-
pared surgically for micropuncture of the left kidney as de-
scribed previously [11, 12]. Isotonic saline (150 mmollliter NaCl
solution) was infused intravenously at a rate of 80 j.lImin per kg
body weight, but during the final hour of surgery the infusion
rate was adjusted to provide an extra volume of saline equiva-
lent to 5 mI/kg body weight (in order to replace surgical losses).
After surgery, [3H] inulin (Amersham International, Ayles-
bury, UK) was added to the infusion (60 Ci primer, 60 MCi/h)
and, after a 90-minute equilibration period, nlicropuncture
collections were made during a three hour period from late
proximal convoluted tubules and from early and late regions of
distal tubules, using procedures described previously [11, 13].
To identify distal tubular segments, Lissamine Green (30 d of
a 5% solution) was injected intravenously three times during
each experiment, separated by intervals of approximately one
hour. Two or three collections were made from each segment of
the nephron in each rat. After every collection latex solution
was injected to allow subsequent confirmation of the puncture
site [14]. The criteria for acceptance as 'late proximal', 'early
distal' and 'late distal' were as described previously [131.
Femoral arterial blood pressure was measured using a Gould
transducer (model P23) and a Lectromed pen recorder (model
MX 216). Arterial blood samples (—40 s.d) were taken regularly
for plasma [3H] inulin measurements, and at the end of the
experiment a final blood sample was taken for determination of
hematocrit and analysis of plasma.
Measurements
Sodium and potassium concentrations in urine and plasma
were measured by flame photometry (model 543, Instrumenta-
tion Laboratory, Warrington, UK); osmolality was measured
by freezing point depression (Roebling, Camlab, Cambridge,
UK); and [3H] inulin activity in urine, plasma and tubular fluid
was determined in Aquasol 2 scintillation cocktail (Du Pont,
Stevenage, UK) by /3-emission spectroscopy (model 2000 CA,
Canberra Packard, Pangbourne, UK). The volumes of tubular
fluid collections were measured using calibrated constriction
pipettes. Sodium and potassium concentrations in tubular fluid
samples were determined by helium glow photometry (Aminco,
Silver Spring, Maryland, USA). Plasma protein concentration
was measured by the Lowry method [15].
Calculations
Glomerular ifitration rate (GFR) was taken to be the renal
clearance of [3H] inulin. Single nephron GFR (SNGFR) was
calculated as TF/P In x VTF, where TF/P In is the tubular fluid!
plasma concentration ratio of [3H] inulin and VTF is the tubular
fluid flow rate. Values for SNGFR were determined from
proximal and from distal tubular fluid collections; in each case
an average value per rat was calculated for comparison with
total GFR. In addition, individual values for 'proximal' SNGFR
were used for comparison with values for late proximal tubular
fluid delivery.
Statistics
All results are presented as means SEM. Statistical com-
parisons between values in uninephrectomized rats and in the
corresponding sham operated (SO) rats were made using Stu-
dent's unpaired t-test. A two factor analysis of variance
(ANOVA; factor I = SO vs. UN, factor 2 = the three
post-operative time intervals) was used to determine the statis-
tical significance of the changes with time in any differences
between UN and SO rats (referred to as interaction between
UN and time). Differences were considered significant if the P
value was less than 0.05.
Results
Body weight, kidney growth and GFR
The body weights of UN rats did not differ significantly from
those of the corresponding groups of SO animals (Table 1). The
weight of the left kidney in rats subjected to right nephrectomy
five hours previously was similar to that in SO rats. However,
five days after UN the remaining kidney was approximately
20% heavier than the left kidney of SO animals, and after 30
days the difference in kidney weight between UN and SO rats
was approximately 38% (Table 1). No further increase in kidney
weight (compared with that in SO animals) was observed in a
separate group of rats (N = 6) studied 60 days after UN (values
not shown).
Values for GFR of the left (micropunctured) kidney, SNGFR
(determined from both proximal and distal tubular fluid collec-
tions) and the SNGFR/GFR ratio are also shown in Table 1. At
every stage, even two to five hours after UN, GFR and SNGFR
(expressed per kg body wt) were significantly greater in UN rats
than in the corresponding SO controls. Analysis of variance
indicated that these differences became significantly more
marked during the 30 day period of study. In both SO and UN
animals the differences between values for 'proximal' and
'distal' SNGFR were small (NS). In the group of rats studied 60
days after UN, the increase in GFR was no greater than that
after 30 days (values not shown). Since the rise in GFR during
the first few hours after UN preceded any increase in kidney
weight, GFR per g kidney was significantly greater in UN than
in SO rats. Five days after UN this difference was no longer
statistically significant and at 30 days it had disappeared alto-
gether. For this variable, however, the interaction between UN
and post-operative time was not statistically significant. At no
stage after UN was a change in the SNGFRJGFR ratio ob-
served.
Blood pressure, hematocrit and plasma data
Mean arterial blood pressure, hematocrit, plasma osmolality
and the plasma concentrations of sodium, potassium and pro-
tein in UN rats were all very similar to corresponding values in
SO animals (values not shown).
Excretion rates
At all stages after UN, urine flow rate and the excretion of
sodium and potassium by the remaining kidney were elevated
(Fig. 1). In most cases mean excretion rates (per kidney) were
approximately doubled, although the increases in sodium ex-
cretion at five days and 30 days were less marked. Analysis of
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Table 1. Body weight, kidney weight, total GFR and single nephron GFR
2—5 hours 5 days 30 days ANOVA(interactive
effect)SO UN SO UN SO UN
Body weight 263 4 259 6 256 8 255 5 324 7 326 4 NS
g
GFR 5.24 0.16 6.05 0•14b 5.37 0.13 6.89 0.16° 5.00 0.15 6.87 0.16° P < 0.05
ml. min' per kg body wt
'Proximal' SNGFR 169 7 190 7 171 7 227 9° 157 7 222 6° P < 0.01
nI min' per kg body wt
'Distal' SNGFR 160 6 177 a 160 6 214 6° 146 4 213 4° P < 0.001
nl. min' per kg body wt
SNGFRJGFR 31.0 2.1 29.8 0.9 29.5 0.8 31.0 1.1 29.1 0.8 30.8 1.2 NS
(x 106)
Left kidney weight 3.72 0.06 3.81 0.06 3.76 0.09 4.51 0.09° 3.48 0.05 4.79 0.14° P < 0.001
g . kg' body wt
GFR 1.41 0.05 1.59 0.04! 1.43 0.05 1.53 0.05 1.45 0.05 1.42 0.04 NS
ml. min' per g kidney wt
Values are means SEM. There were 8 rats in each group. GFR data refer to the left kidney only. Values for 'proximal' and 'distal' SNGFR
were determined from proximal and distal tubular fluid collections, respectively. The SNGFRJGFR ratio was calculated using 'distal' SNGFR
values. Abbreviations are: SO, sham operated; UN, uninephrectomized. For each variable, the statistical significance of the change in the SO/UN
difference with respect to time is shown (ANOVA).
aP < 0.05 vs. corresponding SO groupb P < 0.01 vs. corresponding SO group
° P < 0.001 vs. corresponding SO group
variance revealed no significant changes with respect to time in
the differences between SO and UN rats.
Proximal tubular function
Figure 2 shows absolute and fractional reabsorption by the
proximal convoluted tubule, and, for purposes of comparison,
SNGFR determined from proximal tubular collections. Analy-
sis of variance indicated that for each of these variables there
was a significant interaction between UN and post-operative
time. In the acute response to UN, the observed increase in
SNGFR was not accompanied by a corresponding increase in
absolute proximal reabsorption; that is, fractional proximal
reabsorption fell. Hence fluid delivery to late proximal convo-
lutions was increased significantly. Late proximal delivery was
also increased at five days and 30 days; however, in these cases
there was no glomerulo-tubular imbalance in the proximal
tubule: absolute proximal fluid reabsorption was enhanced and
fractional proximal fluid reabsorption did not differ significantly
from that in SO animals.
Proximal handling of Na and K after UN followed the same
pattern as that described for water: in all six groups of rats TF/P
Na and TF/P K measured in late proximal tubular fluid did not
differ significantly from unity.
Distal tubular function
Water. Fluid delivery to both early and late regions of the
accessible distal tubule was significantly elevated in each of the
three groups of UN rats (Fig. 3). Falls in TF/P In were observed
acutely and after five days (Table 2), indicating an increase in
fractional fluid delivery to both segments; by 30 days fractional
fluid delivery had returned to normal. Analysis of variance
revealed significant interactions between UN and time for both
fluid delivery and TF/P In at the early, but not late, distal
tubule.
Sodium. The only statistically significant difference between
UN and SO rats with respect to absolute rates of sodium
delivery to distal nephron segments was an increase at the early
distal tubule at five days (Fig. 3). Acutely and five days after
UN, TF/P Na in the early distal tubule was unaffected, but at 30
days it was significantly reduced. This change with respect to
time was statistically significant (ANOVA). In the late distal
tubule, TF/P Na was reduced at all stages after UN (Table 2).
Potassium. Potassium delivery to early distal segments was
significantly increased acutely and five days after UN (Fig. 3),
while TF/P K was unchanged (Table 2). After 30 days, how-
ever, there was a fall in TF/P K in early distal tubular fluid and
potassium delivery to this region of the nephron was no longer
raised. There was a significant interaction between UN and
time for early distal TF/P K. In all groups, net potassium
secretion in that part of the distal tubule accessible to micro-
puncture was increased approximately five-fold after UN.
Thus, late distal tubular collections showed increases in both
the rates of potassium delivery (Fig. 3) and TF/P K (Table 2).
As a result of these increases in potassium secretion, fractional
potassium delivery to the late distal tubule (TF/P Kiln) was
raised considerably in all three groups of UN rats: 0.33 0.05
(2 to 5 hours), 0.31 0.04 (5 days) and 0.35 0.05 (30 days).
Corresponding values in SO rats were 0.15 0.01, 0.16 0.02
and 0.18 0.02, respectively.
Discussion
It is well established that changes in the handling of water and
electrolytes by the contralateral kidney occur within minutes of
unilateral nephrectomy [1]. Overall excretion rates rapidly
reach levels similar to those of sham operated animals, although
any immediate rise in GFR is relatively small (see below).
During the following days and weeks there is a characteristic
increase in kidney weight, associated with a progressive in-
crease in GFR [1]. Consequently, the renal mechanisms
whereby salt and water balance are maintained after UN must
change as compensatory renal hypertrophy develops. The
present study was designed to document these changes.
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Fig. 1. Urine flow rate and the excretion of sodium and potassium in
sham operated rats (open columns) and uninephrectomized rats (stIp-
pled columns). There were 8 rats in each group. Values (means and
5EM) are for the left kidney only and are expressed per kg body weight.
No significant changes were observed in the sham operated/uninephrec-
tomized differences with respect to time (ANOVA).
There is no consensus in the literature concerning changes in
GFR in the acute phase after loss of the partner kidney. Several
groups [for example: 3, 4, 16, 17] have been unable to detect
any rise in GFR during the first few hours after UN, whereas
others [such as: 5, 6, 18] have reported a significant increase. In
the present study, both GFR and SNGFR, measured during the
period two to five hours after UN, were significantly higher than
in SO animals. Although we found little difference between
values for SNGFR determined from proximal and distal collec-
tions, either in SO or UN rats, the fact that GFR increased
while the early distal delivery of sodium also tended to increase
(see below) is consistent with previous evidence of a rapid
re-setting of tubuloglomerular feedback after UN [19].
The disagreement in the literature over early GFR changes is
difficult to reconcile. However, it is possible that species
differences may be involved, since no acute increase in GFR
has been observed following UN in dogs [3, 16, 20, 21] whereas,
Fig. 2. Proxi,nal tubular function in sham operated rats (open col-
umns) and uninephrectomized rats (stippled columns). Mean values
(and SEM) were derived from 20 to 24 collections from late proximal
surface convolutions and are expressed per kg body weight. Abbrevi-
ations are: SNGFR, single-nephron filtration rate; APR, absolute prox-
imal fluid reabsorption; FPR, fractional proximal fluid reabsorption.
Statistical significances of the changes with respect to time in the sham
operated/uninephrectomized differences (ANOVA): SNGFR, P < 0.01;
APR, P < 0.001; late proximal delivery, NS; FPR, P < 0.05.
with one exception, all studies in rats have reported some
increase [4—6, 18, 19] even although this has not always been
great enough to achieve statistical significance. In the one rat
study in which GFR remained completely unaffected after UN,
the normal diuretic and natriuretic responses were also absent
[17].
In the present study the changes in GFR and SNGFR
preceded any measurable change in kidney size; our results are
therefore consistent with the hypothesis that an increased rate
of sodium delivery to the nephrons may act as a stimulus to
kidney growth and/or to changes in the tubular handling of
electrolytes and water [22]. The disproportionate rise in GFR in
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term, CLI remains elevated but FEL1 returns towards control
values [26, 27]. Thus, both micropuncture and clearance data
indicate that, although there are temporary changes in the
underlying renal processes, at all stages after UN the rate of
fluid delivery to the end of the proximal tubule is elevated.
Changes in distal tubular function, however, appear to be
more complex; water, sodium and potassium handling by the
distal nephron are best considered separately.
Water
Fig. 3. Absolute deliveries of fluid, sodium and potassium to early
distal (ED) and late distal (LD) tubular collection sites in sham
operated rats (open columns) and uninephrectomized rats (stippled
columns). Mean values (and 5EM) were derived from 17 to 22 collections
and are expressed per kg body weight. With the exception of fluid
delivery to early distal segments (P < 0.05), the sham operated/
uninephrectomized differences did not change significantly with respect
to time (ANOVA).
relation to kidney size appears to be a transient phenomenon;
the difference between UN and SO animals in GFR per g kidney
weight was no longer statistically significant five days after the
operative procedures, and at 30 days had disappeared alto-
gether (both kidney weight and GFR in UN animals being
approximately 40% greater than corresponding values in SO
rats). It should be noted, however, that analysis of variance
failed to confirm the apparent time-dependency of this re-
sponse.
In agreement with several previous studies [3—SI, we found
that fractional proximal reabsorption was reduced acutely after
UN, absolute proximal reabsorption remaining constant despite
the increase in filtration rate. The cause of this glomerulo-
tubular imbalance remains unknown, but it appears to be
short-lived: within five days absolute proximal reabsorption had
increased so that fractional proximal reabsorption bad returned
to a value similar to that in SO animals. It seems likely that this
increased rate of fluid reabsorption is the in vivo parallel of the
well-documented changes in ultrastructure and function in
proximal tubular cells, including increased activity of the
Na/H antiport and the Na/K pump, which have been
described in vitro [23].
The present micropuncture results are consistent with mea-
surements of lithium clearance (CL1), a putative marker of fluid
delivery to the end of the proximal tubule [24]: CL, is increased
both acutely and chronically after UN in rats, but only acutely
is there an increase in fractional lithium excretion (FELl) [25].
Similarly, in the remaining kidney of human transplant donors
there are acute increases in both CLI and FELl [26]; in the long
There have been few previous studies of water handling in the
distal tubule after UN. We found that the increased rates of
fluid delivery observed at late proximal convolutions extended
to the two sites of distal tubular collections. As with the
proximal tubule, fractional fluid deliveries to early and late
distal sites increased initially (as indicated by the reductions in
IF/P In), but by 30 days after UN had returned to levels similar
to those in SO animals. The present results therefore reconcile
the apparently conflicting reports that fractional distal delivery
of water is increased both immediately [19] and 15 hours [71
after UN but is normal after two to four weeks [8]. Clearly, the
increased end-distal delivery observed at all stages after UN
could account for the elevated urine flow rate.
Sodium
In contrast to the marked increases in sodium delivery to late
proximal convolutions, sodium delivery to the early distal
tubule was only moderately elevated during the early phase of
the response to UN (the increase being statistically significant
only at 5 days), while at 30 days it was virtually identical to the
value in SO rats. At no time after UN was late distal delivery of
sodium increased. It would seem, therefore, that increased
sodium reabsorption in the loop of Henle and the distal tubule
of superficial nephrons can compensate completely for the more
proximal changes in function, so that the enhanced end-proxi-
mal sodium delivery makes little if any contribution to the
increased rate of sodium excretion from the surviving kidney.
Our results suggest that the natriuresis results from a reduction
in fractional sodium reabsorption in the collecting ducts and/or
enhanced sodium delivery into the collecting ducts from deep
nephrons. Any reduction in sodium reabsorption in the collect-
ing ducts is likely to be confined to the cortical region, since
Wilson and Sonnenberg [28] have shown, using microcatheter-
ization techniques, that the delivery of sodium to, and reab-
sorption by, the medullary collecting ducts is enhanced after
UN. If the natriuresis were due to a disproportionately large
delivery of sodium from deep nephrons, this is unlikely to
depend upon a redistribution of glomerular filtration between
the different nephron populations, since in neither the present
nor previous studies [29, 30] has a reduction in the SNGFR/
GFR ratio been documented after UN.
Our results differ in some respects from those of the only
previous free-flow micropuncture study of distal sodium han-
dling after UN. Diezi et al [7] found that both absolute and
fractional sodium deliveries to the beginning and end of the
distal tubule were raised 15 hours after UN (although sodium
reabsorption in the distal tubule was enhanced). However, in
that study the overall rate of sodium excretion in UN rats was
approximately six-fold greater than that of the micropunctured
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Table 2. Tubular fluid/plasma concentration ratios at early and late distal tubular collection sites
2—5 hours 5 days 30 days ANOVA(interactive
effect)SO UN SO UN SO UN
TF/P In
Early distal 4.22 0.10 3.66 0.09" 4.13 0.09 3.73 0.09" 4.01 0.14 4.10 0.09 P < 0.01
Late distal 11.74 1.18 8.66 0.60a 11.53 0.66 8.47 0.42" 11.92 0.96 10.05 0.41 NS
TF/P Na
Early distal 0.27 0.02 0.27 0.01 0.28 0.02 0.26 0.01 0.31 0.01 0.23 0.01" P < 0.05
Late distal 0.29 0.02 0.21 0.01" 0.31 0.02 0.21 0.01" 0.31 0.03 0.20 0.01" NS
TF/P K
Early distal 0.32 0.02 0.34 0.02 0.34 0.02 0.33 0.02 0.41 0.02 0.31 0.02" P < 0.01
Late distal 1.64 0.17 2.59 0.35" 1.86 0.19 2.61 0.30" 1.94 0.23 3.47 0.49a NS
Values are means SCM. The number of collections from each site was between 17 and 22. Abbreviations are: SO, sham operated; UN,
uninephrectomized; TF/P In, TF/P Na and TF/P K, tubular fluid/plasma concentration ratio for [3H] inulin, sodium and potassium, respectively.
For each variable, the statistical significance of the change in the SO/UN difference with respect to time is shown (ANOVA).
a P < 0.05 vs. corresponding SO groupb P < 0.01 vs. corresponding SO group
"P < 0.001 vs. corresponding SO group
kidney of SO animals, whereas in the present investigation
sodium excretion was never more than doubled.
Potassium
At all stages after UN, potassium secretion into the accessi-
ble distal tubule was enhanced, resulting in a marked increase in
end-distal potassium delivery. In fact, in UN (but not SO)
animals fractional potassium delivery to late distal segments
exceeded the fractional excretion of potassium. This suggests
that after UN there may be net reabsorption of potassium in the
collecting ducts, although it is possible that differences in
electrolyte handling in superficial and deep nephrons could
account for the findings, particularly since Wilson and Sonnen-
berg [28] were unable to detect net reabsorption of potassium in
the medullary collecting duct of UN rats.
The present results are in marked contrast to those of Bank
and Aynedjian [311 who found no evidence of potassium secre-
tion in the accessible distal tubule of either SO or 3/4 nephrec-
tomized Sprague-Dawley rats. This anomaly may have arisen as
a consequence of differences between rat strains, Sprague-
Dawley rats being unusual in that only a small proportion of the
distal tubule consists of cortical collecting tubule epithelium
[31]. Diezi et al [7], who (like us) studied Long-Evans rats,
found evidence of enhanced potassium secretion in the distal
tubule during the acute phase of the response, although both the
potassium secretion and the resulting kaliuresis were less
marked than found in the present investigation. The authors
suggested that the enhanced rate of potassium secretion was
secondary to the increased flow rate through the distal nephron.
However, our results suggest an additional stimulus to potas-
sium secretion, since values for late distal TF/P K in UN rats
were more than twice those in SO animals. This increase was
associated with a reduction in TF/P Na at the late distal tubular
site and may be linked with the enhanced distal sodium reab-
sorption. It seems unlikely, however, that aldosterone is re-
sponsible for the observed changes in distal sodium and potas-
sium handling, since aldosterone levels are reported to be
unchanged after UN [32] and mineralocorticoid infusion did not
reduce the acute kaliuresis in uninephrectomized dogs [33]. The
latter authors suggested that an acute rise in plasma potassium
might contribute to the increased rate of secretion, but no
change in plasma potassium was observed in the present or in
many previous studies.
In summary, our results indicate that an increase in fluid
delivery out of the proximal tubule is a constant feature of the
response of the remaining kidney to UN in the rat, but that the
underlying changes in proximal tubular function vary with the
time elapsed. In the acute response, GFR is moderately ele-
vated and fractional proximal reabsorption is reduced. By 30
days, GFR has increased maximally, absolute proximal reab-
sorption has also increased, and proximal glomerulo-tubular
balance has been restored. Most of the long-term changes in
proximal tubular function have already occurred by five days.
In the distal nephron, changes in the handling of water and
electrolytes appear to be dissociated. At all stages after UN
water delivery to both early and late distal tubular sites is
increased. Although sodium delivery to the early distal tubule
may also be elevated in the early phase of the response, there is
no increase in late distal delivery at any stage. It seems,
therefore, that the natriuresis results from reduced fractional
sodium reabsorption in the collecting ducts and/or a dispropor-
tionately large delivery of sodium from deep nephrons. Finally,
the kaliuresis of UN rats can be explained as a consequence of
a markedly increased rate of potassium secretion into the
accessible region of the distal tubule.
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